EMAN2 was originally used primarily as a tool for single particle analysis [1, 2] . Over recent years we have introduced tools for portions of the single particle tomography (SPT, or subtomogram averaging) pipeline [3] . It has become clear that to perform all of the necessary corrections and achieve optimal resolution, it is necessary to consider the complete process, starting with the tilt series movies. We now present a complete interactive pipeline for processing cryotomography data from cells or purified material, making use of Deep Learning technologies, Fourier reconstruction, and other techniques ( Figure 1A ).
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Raw CryoET data consists of a tilt series of micrographs recorded as the specimen is rotated in the column. High frame-rate direct detection devices (DDD) permit each tilt to be separated into a sequence of very low dose movie frames. Our workflow spans the entire process from aligning movie frames within each tilt series image to the final process of CTF corrected subtomogram averaging. A single project may incorporate many tilt-series/tomograms, and all data at each step of the process is organized using standard naming conventions so data and metadata are preserved. While we provide a complete pipeline, data may be injected into the process at any stage, for example, reconstructed tomograms may be imported instead of tilt-series, but doing this may limit some processing options later in the pipeline.
Processing begins with alignment of the per-tilt movies. Once one or more tilt series are generated, users are able to perform iterative, fully-automated tilt series alignments with or without the presence of gold fiducials, including tilt-axis localization. Aligned tilt series are reconstructed using Fourier methods which, while they use considerable RAM, are extremely fast and can produce fewer artifacts than methods such as simple back-projection. This process is iterated, making use of high contrast landmarks in 3D and attempt to aligning these features within the tilt images ( Figure 1B ). The final result is an optimized 3-D reconstruction, as well as an aligned tilt series, which can be used for CTF corrected subtomogram averaging.
Targeted features within reconstructed tomograms can be localized using our semi-automated workflow based on convolutional neural networks [4] . Not only does this localize putative particles for subtomogram averaging, but it can also provide critical information about the number and distribution of various molecular species within a cellular domain. Once basic subtomogram averaging has been performed, 3-D particle locations can be used to extract data from the original tilt-series, which permits more precise CTF and geometrical corrections. We are also developing other CNN approaches for handling compositional and conformational variability. The resulting 3-D structures can then be processed using the wide range of tools already developed in EMAN2 for single particle analysis.
This new pipeline increases not only the speed of tomogram analysis but also improves the quality and resolution of the resulting 3-D structures, permitting more effective studies of the increasing numbers of cellular CryoET tilt series now emerging from current generation instruments. Figure 1A: visual overview of the complete tomography workflow available in EMAN2. We have expanded our workflow, offering tools for handling movie-mode images and performing iterative 3D reconstructions, automated segmentation, CTF correction, and subtomogram averaging. 
